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First measurements of the beam energy dependence of the two proton correlation
function in central Au+Au collisions are performed by the E895 Collaboration at
the BNL AGS. The imaging technique of Brown-Danielewicz is used in order to
extract information about the proton source at freeze-out. Measured correlation
functions and sources do not exhibit significant changes with beam energy.
1 Introduction
The sensitivity of the two-proton correlations to the space-time extent of nu-
clear reactions was first noted by Koonin 1. A characteristic peak in the
proton correlation function is due to the interplay of the attractive strong
and repulsive Coulomb interactions along with effects of quantum statistics.
paper: submitted to World Scientific on November 20, 2018 1
For simple static chaotic sources, it has been shown 1,2,3,4 that the height
of the correlation peak approximately scales inversely with the source vol-
ume. Later on it was realized that the height of the peak is also sensitive to
various dynamical properties of the emitting sorce such as collective flow 5,
space-momentum correlations within the source in general 6, etc. Because
of the complex nature of the two-proton final state interactions only model-
dependent and/or qualitative statements were possible in proton correlation
analysis. Recently, it was shown that one can perform model-independent
extractions of the entire source function S(r) from two-proton correlations,
not just its radii, using imaging techniques 7,8,9. Furthermore, one can do
this without making any a priori assumptions about the source geometry or
lifetime, etc.
In this paper we present preliminary results of the first measurement of the
beam energy dependence of the two-proton correlation function in the central
Au+Au collisions at 2,4,6 and 8A GeV performed by the E895 Collaboration
at the Brookhaven National Lab (BNL) Alternating Gradient Synchrotron
(AGS).
2 Experimental Details and Analysis Procedure
The goal of E895 is to study multiparticle correlations and particle produc-
tion with Au beams incident on a variety of targets, over a range of AGS
energies. More information about the E895 experimental setup can be found
elsewhere 10,11. Beams of gold ions (197Au) were available at different energies
- 2,4,6 and 8A GeV. They were used to bombard targets of different materials-
Be, Cu, Ag and Au. Charged particles produced in the collision were detected
with time projection chamber (TPC) 10, positioned inside the MPS magnet,
and multi-sampling ionization chamber (MUSIC) 11 located downstream from
the magnet. For the presented results, only information from the TPC was
used. The TPC was capable of detecting and the tracking software of recon-
structing up to several hundreds tracks per event. Particle identification was
performed via simultaneous measurement of particle momentum and specific
ionization in the TPC gas. Momentum resolution within the range of corre-
lation measurements was better than 3%. In order to obtain the two-proton
correlation function C2 experimentally, the mixed event technique was used.
We employ the following definition of the correlation function
C2(qinv) =
Ntr(qinv)
Nbk(qinv)
, (1)
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where
qinv = q =
1
2
√
−(pµ1 − p
µ
2 )
2 (2)
is the half relative invariant momentum between the two identical particles
with four-momenta pµ1 and p
µ
2 . The quantities Ntr and Nbk are the “true” and
“background” two-particle distributions obtained by selecting particles from
the same and different events, respectively. Before calculating the correlation
function, several cuts were applied 12. In order to guarantee a reliable particle
identification and high purity of the proton sample, a cut on proton longitu-
dinal momentum Pz < 800 MeV/c was used. Contamination of the identified
proton sample by other particles, in this momentum interval, was estimated
to be less than 2%. For the present analysis events were selected with a
multiplicity cut corresponding to the upper 5% of the inelastic cross section
for Au+Au collisions. The imaging technique of Brown-Danielewicz7,8,6 was
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Figure 1. Measured two-proton correlation functions for Au+Au central collisions at dif-
ferent beam energies.
used in order to extract quantitative information from the measured correla-
tion functions. Here we will give just a brief sketch of the method, see Refs 7,8
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for a more detailed description. The two-particle correlation function may be
expressed in the following way:
CP(q) ≃
∫
dr |Φ(−)q (r)|
2 SP(r). (3)
SP(r) is the distribution of relative separation of emission points for the two
particles, in their center of mass and Φ
(−)
q (r) is a relative wave function,
which can be calculated numerically given a particular description of the final
state interaction. In the present analysis, the proton relative wave functions
were calculated by solving the Schro¨dinger equation with the REID9313 and
Coulomb potentials. The imaging method takes advantage of the fact that
the equation relating the source and the correlation function may be inverted
to yield a source function Sp(r) from a measured correlation function.
3 Results
Figure 1 shows the measured two-proton correlation functions for Au+Au cen-
tral collisions at 2,4,6 and 8A GeV. Within currently available statistical accu-
racy no significant changes of the measured correlation functions with beam
energy were observed. Figure 2 shows the relative distribution of emission
points of protons for central Au+Au collisions at 2,4,6 and 8A GeV obtained
as a result of the application of the imaging technique described above. It can
be seen from Figure 2 that the relative proton source functions have similar
shapes at all measured energies. Imaging combined with the measurements
of the single particle distribution allows one to obtain freeze-out densities in
a rather straightforward way 9: ρ = S(r → 0) · Np where ρ is the freeze-out
density, S(r → 0) is a value of the source finction at zero separation and Np
is number of particles(protons). Details of the proton single-particle distribu-
tion analysis can be found elsewhere 14. Results of the calculation of proton
freeze-out density are shown (as a fraction of normal nuclear density) in Fig-
ure 3. Within experimental errors, proton freeze-out density in the measured
momentum window is fairly constant with a possible hint of reduction at the
highest beam energy. Clearly, better statistical accuracy is desirable to shed
more light on the behavior of this important observable.
In summary, we reported preliminary results of the analysis of the beam en-
ergy dependence of the two-proton correlation function in the target fragmen-
tation region (Pz < 800 MeV/c). The correlation functions were measured
for the first time for protons in central Au+Au collisions at beam energies
2,4,6 and 8A GeV. Within currently available statistical accuracy no signifi-
cant changes with beam energy were observed. The source imaging technique
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Figure 2. Relative source functions extracted from the proton correlation data at 2,4,6 and
8A GeV.
of Brown-Danielewicz was used to extract information about the space-time
extent of the proton source. It was found that the relative proton source
functions have similar shapes at all measured energies. Measured freeze-out
densities of proton’s emmited at target hemisphere (Pz < 800 MeV/c) were
found to be approximately constant at all available energies. Further investi-
gation of this important observable using high precision measurents is clearly
needed.
I would like to thank Physics Department of Brown University for warm
hospitality during the Conference. Stimulating discussions with Drs. D.Brown
and S. Pratt are gratefully acknowledged. This research is supported by the
U.S. Department of Energy, the U.S. National Science Foundation and by
University of Auckland, New Zealand, Research Committee.
References
1. S. Koonin, Phys. Lett. B70, 43 (1977)..
2. R. Lednicky and V.L. Lyuboshitz, Sov. J. Nucl. Phys. 35, 770 (1982).
3. T. Nakai and H. Yokomi, Prog. Theor. Phys. 66, 1328 (1981).
4. D.J. Ernst, M.R. Strayer and A.S. Umar, Phys. Rev Lett. B 55, 584
(1985).
paper: submitted to World Scientific on November 20, 2018 5
00.02
0.04
0.06
0.08
0.1
0.12
0.14
0.16
0.18
0.2
1 2 3 4 5 6 7 8 9 10
E895 Au+Au Central
ELab   (AGeV)
ρ/
ρ 0
Figure 3. Beam energy dependence of the proton freeze-out densities at target rapidity
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